Abstract -The lichen Roccella sinensis has not been studied chemically. This research described the isolation and elucidation of compounds isolated from the lichen Roccella sinensis collected in Binh Thuan. Phytochemistry investigation of this lichen was carried out by using normal phase silica gel column chromatography and thin-layer chromatography. Six compounds was isolated. Their structures were established by extensively spectroscopic analysis as well as comparison with NMR data in the literatures. (4), (E)-nostodione A (5), and 2,4-dihydroxyphthalide (6). This is the first time compounds 3 6 were found in the Roccella genus. Compounds 1, 2, and 6 were evaluated for their cytotoxic activities against HepG2 (liver hepatocellular carcinoma), NCI-H460 (human lung cancer), MCF-7 (human breast cancer), and HeLa (human epithelial cancer) and all of them showed no activity.
INTRODUCTION
ichens are symbiotic products of the mycobiont (fungal partner) and photobiont (algal partner) [1] . The genus Roccella includes 24 species which are restricted to coastal habitats [2] . Phytochemical studies on lichens Roccella spp. have been conducted over forty years on seven Roccella lichens [1] and the results showed that these lichens produced a diverse range of metabolites as meso-erythritol, dibenzofurans, chromones, amino acids, carbohydrates, ergosterol, and -carotene. Among them, erythrin and lecanoric acid were found in most of Roccella  Received 24-11-2017; Accepted 07-01-2018; Published 20- Duong Thuc Huy, Bui Xuan Hao -Ho Chi Minh City University of Education *Email: huydt@hcmue.edu.vn species [2] and the former was reported as a principal secondary product [3, 4] and the content of this compound was 7.3% in R. montagnei [5] . The lichen Roccella sinensis is distributed commonly in Binh Thuan province, Vietnam. This lichen has not yet been chemically studied. The phytochemical study on the lichen R. sinensis led to the isolation of six compounds, including (+)-D-montagnetol (1), (+)-D-erythrin (2), lecanorin (3), 1-acetylerythritol (4), (E)-nostodione A (5), and 2,4-dihydroxyphthalide (6) (Fig. 1 ). Herein we describe the isolation and structural elucidation of these compounds as well as the cytotoxic evaluation of some isolated compounds. column chromatography was performed with Silica gel 60 (0.040-0.063 mm, Himedia).
MATERIALS AND METHODS

Plant material
Extraction and isolation
The clean, air-dried and ground material (1.7 kg) was extracted by maceration with methanol (3x5 L) at the ambient temperature, and the filtrated solution was concentrated under the reduced pressure to afford the crude extract (450 g). This crude extract was applied to normal phase silica gel column chromatography, eluting with the solvent system n-hexane: ethyl acetate (9:1 to 0:10) to afford the extracts, H (10.2 g), EA1 (21.1 g), EA2 (66.1 g), EA3 (29.8 g) and EA4 (64.2 g). The extract EA1 (21.1 g) was applied to silica gel column chromatography (CC), eluted stepwise with n-hexane: ethyl acetate: acetic acid (9:1:0.02-0:10:0.02) to give three fractions EA1.1 (2.8 g), EA1.2 (15.1 g) and EA1.3 (1.1 g). Fraction EA1.1 (2.8 g) was fractionated, eluting with n-hexane: ethyl acetate: acetic acid (9:1:0.05) to afford three subfractions, EA1.1.1 (298.8 mg), EA1.1.2 (1.2 g) and EA1.1.3 (0.9 g). A part of subfraction EA1.1.2 (300 mg) was rechromatographed, eluting with nhexane: ethyl acetate: acetic acid (9:1:0.04), then applied to preparative thin-layer chromatography to afford 6 (6.9 mg). Fraction EA1.2 (15.1 g) was rechromatographed, eluting with chloroform: ethyl acetate: acetone (9:1:3) to afford two compounds, 1 (1.5 g) and 2 (1.0 g). Extract EA2 (66.1 g) was applied to silica gel column chromatography, eluting with n-hexane: ethyl acetate: acetic acid from (9:1:0.02) to (0:10:0.02) to give two fractions EA2.1 (22.1 g) and EA2.2 (33.9 g). Subfraction EA2.1 was rechromatographed, eluting with chloroform: ethyl acetate: acetone (9:1:3) to afford two compounds, 3 (9.9 mg) and 4 (79.7 mg). Fraction EA4 was applied to silica gel CC to provide three subfractions EA4.1 (16.1 g), EA4.2 (25.3 g) and EA4.3 (15.2 g). Subfraction EA4.1 was further chromatographed, eluting with chloroform: ethyl acetate: acetone (9:1:3) to afford 5 (6.1 mg). These spectroscopic data were suitable with those reported in the literature [6] .
Lecanorin ( . These spectroscopic data were suitable with those reported in the literature [7] .
1-Acetylerythritol (4) Colorless oil. The 1 H-NMR data (D2O): 4.33 (dd, 12.0, 3.0 Hz, H-1a), 4.18 (dd, 12.0, 6.5 Hz, H-1b), 3.87 (ddd, 7.5, 6.5, 3.0 Hz, H-2), 3.73 (ddd, 7.5, 6.5, 3.0 Hz, H-3), 3.80 (dd, 12.0, 3.0 Hz, H-4a), 3.65 (dd, 11.5, 6.5 Hz, H-4b), 2.00 (s, AcO-). The 13 C-NMR data (D 2 O): 66.9 (C-1), 72.9 (C-2), 71.1 (C-3), 64.2 (C-4), 171.5 (AcO-), 20.8 (AcO-). These spectroscopic data were suitable with those reported in the literature [8] .
(E C-12/14) , 159.8 (C-13). HMBC data: H-9 to C-1, C-2a, C-11; H-11/15 to C-9, C-14; H-7 to C-5, C-3a; H-4 to C-6, C-3a, C-7a. These spectroscopic data were suitable with those reported in the literature [9] .
2,4-Dihydroxyphthalide (6) White amorphous powder. The 1 H-NMR data (Acetone-d6): 6.38 (brs, H-3), 6.53 (brs, H-5), 5.22 (s, H-8). These spectroscopic data were suitable with those reported in the literature [10] . 
RESULTS AND DISCUSSION
Compounds 1-4 and 6 were identified as (+)-Dmontagnetol (1), (+)-D-erythrin (2), lecanorin (3), 1-acetylerythritol (4), and 2,4-dihydroxyphthalide (6) by comparison of their 1 H and 13 C NMR spectroscopic data as well as specific rotations with those reported in the literature. Compounds 1 and 2 were common lichen metabolites from the lichens Roccella spp. whereas compounds 3, 4, and 6 were known for the first time from this Roccella genus.
Compound 1 was obtained as white crystals (in methanol). The 1 H NMR spectrum showed two oxygenated methylenes and two oxygenated methines in the zone of 3.70-4.70 ppm. Additionally, 1 contained one orcinol unit, including one aromatic methyl at δH 2.51 and two meta-coupled protons at δH 6.23 and 6.27. The 13 C NMR spectrum revealed two oxygenated methines (δC 73.1 and 71.0), two oxygenated methylenes (δ C 67.8 and 64.3), two aromatic methines (δC 101.5 and 112.2), two quaternary aromatic carbons (δC 105.5 and 144.6), two oxygenated aromatic carbons (δC 163.1 and 165.9), one carboxyl carbon at δC 172.3, and one methyl group at δ C 24.4.
1 H NMR chemical shifts of the methylene protons H 2 -1 shifted to low-field indicating that this group was esterificated. These findings implied that 1 possessed a butane-1,2,3,4-tetraol pattern and an orcinol unit and these two moieties were linked together via an ester linkage. The coupling constant values of H-1 (11.5, 3.0 Hz and 11.5, 6.5 Hz) and H-2 (7.0, 2.7 Hz) supported the erythro configuration of the butane-1,2,3,4-tetraol pattern of 1. Comparison of the NMR data and the specific rotation of 1 ( +59.0, c 1.0, CH3OH) with those of D-(+)-montagnetol [6] showed good compatibility. Altogether, 1 was elucidated as (+)-(2R,3S)-1-(2,4-dihydroxy-6-methylbenzoyl)butan-1,2,3,4-tetraol or (+)-D-montagnetol as shown in Fig. 1 .
Compound 2 was isolated as white crystals (in methanol). The 1D-NMR spectroscopic data of 2 resembled those of lecanoric acid possessed the same pattern (or erythritol derivative). Detailed analysis of the coupling constant of H-2 (δ 3.91, td, 7.0, 3.0 Hz) indicated that 2 also possessed the same erythro configuration as 1. Furthermore, the optical rotation of 2 was dextrorotary [6] . Accordingly, the absolute configuration (2R,3S) was assigned to 2. Consequently, 2 was elucidated to be ( , and the integrations of some protons indicated that the ratio of the E/Z isomers was 9/1. Up to now, nitrogen-containing compounds from lichens was very rare with reports of several compounds [1, 11] and only one nitrogen-containing compound, a cyclopeptide was found in the Roccella genus [12] . This was the first time alkaloid 5 was reported as a lichen metabolite.
Compounds 1, 2, and 6 (at the concentration of 100 µg/mL) were tested for cytotoxic activities against four cell lines MCF-7 (breast cancer cell line), HeLa (cervical cancer cell line), HepG2 (liver hepatocellular carcinoma cell line), and NCI-H460 (human lung cancer cell line) using sulforhodamine B colorimetric assay method (SRB assay) [20] . Their cytotoxic activities, expressed as a percentage of cell growth inhibition (I%), was presented in Table 1 . These major compounds had not been tested the cytotoxicity toward cancer cell lines. All three compounds failed to show any cytotoxic activity. Common lichen substances 3 and 4 were not tested for these activities. a) The compounds were tested at the concentration of 100 μg/mL. b) The presented data are means of three experiments ± S.D. c) Camptothecin was tested at the concentration of 0.01 μg/mL for MCF-7 and NCI-H 460, 0.07 μg/mL for HepG2, and of 1 μg/mL for HeLa.
CONCLUSION
Six known compounds were isolated from the lichen Roccella sinensis collected in Binh Thuan Tóm tắt-Loài địa Roccella sinensis chưa được nghiên cứu hóa học. Nghiên cứu này mô tả sự cô lập và xác định cấu trúc của các hợp chất cô lập từ địa y Rocccella sinensis thu hái ở tỉnh Bình Thuận. Khảo sát hoá học trên loài địa y này đã sử dụng các phương pháp sắc ký cột silica gel pha thường và sắc ký lớ mỏng. Sáu hợp chất đã được phân lập được. Cấu trúc của các hợp chất được xác định bằng các phương pháp phổ nghiệm cũng như so sánh với các dữ liệu có trong tài liệu tham khảo. Chúng là (+)-Dmontagnetol (1), (+)-D-erythrin (2), lecanorin (3), 1-acetylerythritol (4), (E)-nostodione A (5) và 2,4-dihydroxyphthalide (6). Đây là lần đầu tiên các hợp chất 3 6 được biết hiện diện trong chi Roccella. Khảo sát thử nghiệm hoạt tính gây độc tế bào trên bốn dòng tế bào ung thư HeLa, HepG2, NCI-H460 and MCF-7 của ba hợp chất 1, 2 và 6 cho thấy cả ba đều không hoạt tính.
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